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Universal 
Serial Bus 


The USB is a new standard providing a single interface protocol for PC peripherals. 
It could take over from RS232 and other standards - if it gets support from 
hardware manufacturers. Will it be a long wait, or will there be three along in a 


minute? Asks Robin Abbott. 


he Universal Serial Bus (USB) is a new standard 

for interfacing peripherals to a computer at 

transter rates in excess of 1 megabyte per 

second, It is intended to be flexible, inexpensive, 

easy to use, easily expandable and sufficiently 
defined to allow any kind of peripheral to be connected and 
remain compatible with other devices connected to the bus. 
The bus standard has been sponsored by Compaq, Digital 
Equipment Corporation, IBM, Intel, Microsoft, NEC and 
Northern Telecom - an impressive list of names whichever way 
you look at it! 

In this article we will look at the USB bus from the viewpoint 
of its capability and benefits to the user, and we will also look 
in some detail at its operation, although it is worth noting that 
much of the functionality of the bus at the lower level protocols 
- electrical and signalling - will be available in integrated form 
and therefore removed from the direct concern of anyone 
actually implementing it. 


The need for USB 

Why do we need a new protocol for addressing peripherals’? 
Let us consider a typical medium- to high-end PC. For the 
sake of example | have chosen to consider my own PC, which 
is used for software and hardware development as well as 
word processing, data analysis, accounting, and games. This 
PC is Pentium-based and has the following peripherals: 


@ A keyboard and mouse for input 

@ A gamepad/joystick for games 

eA colour inkjet printer. 

e A laser printer which is used in place of the ink jet for high 
speed output. 

eA scanner, used for OCR, photocopying and incorporating 
photographs in documents. 

e Speakers used for sound output. 

@ An internal modem. 


e An internal ZIP drive used for backup 

@ An internal CD-ROM 

e External development peripherals, including a PIC 
programmer, an eprom programmer, and the FED PIC Basic 
development system. 


This PC is shown in figure 1, which includes a view of the 
internal cards required to support all these devices. Note that 
the following physical data standards are used in this system: 


e@ An RS232 serial interface (COM1) is used for the mouse. 

@ An RS232 serial interface (COM2) is used for the 
development peripherals, which are connected through a 
simple data switch 

@ The joystick is connected on a standard PC games port. 

e A SCSI interface is used for the scanner. 

@A slightly different SCSI interface is used for the ZIP drive. 
Note that two SCSI cards are required, because the particular 
scanner in use does not operate correctly on a standard SCS! 
interface. 

@ A parallel printer port is used for the inkjet and laser printers. 
As the PC has only one printer port, and as no further slots are 
available for additional printer port expansion cards, an external 
printer switch is required. 

@ The modem is internal, emulates a standard serial port 
(COM4) and, because of the way interrupts are used in the PC, 
cannot be used at the same time as the development 
peripherals. 


-@ The keyboard is connected to the PC on a standard PC 


keyboard interface. 

e@ The speakers are connected on a standard analogue output 
from an internal sound card. 

@ The CD-ROM is connected on an internal E-IDE interface. 


Once the power cables are thrown in, this adds up to a grand 
total of 18 different cables and 9 different physical interface 
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Figure 1: connections on a PC used for development and games 


standards required to connect and power all the peripherals - 
which are a fairly standard set for a busy professional or semi- 
professional personal computer. 

Switching between printers requires not only a selection on 
the PC, but also manual switching. If this is forgotten, the current 
print Command has to be cancelled and submitted again once 
the printer switch is in the correct position. 

There are four different expansion cards required (two SCSI, a 
modem and a sound card), which occupy all the ISA slots on the 
motherboard, so that future expansion using this tyoe of PC bus 
slot is not possible. Setting up these cards to ensure that there 
was no clash on the I/O port addresses used by the sound card 
and the second SCSI interface caused considerable problems, as 
they both clashed with the first SCSI card which was already 
installed. If you are not yourself a PC owner, ask anyone who is - 
they will almost certainly have a similar story to tell. 

Another issue is that of interrupts. In a typical PC there are 15 
interrupts available for peripheral devices, a number of which are 
reserved for internal operation, and in my PC all the remaining 
interrupts have been used. Although well-behaved applications 
and cards can share interrupts, this is not always possible, and in 
practice | have rarely found it possible to install two peripherals on 
one interrupt. 


The Bus 

The Universal serial bus (USB) system is intended to overcome 
some of these problems. The USB is a new interface standard 
which provides the following features: 


KEYBOARD __ 


e Removal of the limit to the expansion capability of a PC due 
to a limited number of expansion slots. 

@ Allows simple expansion of a PC with common low-level 
software drivers. 

© Powering of peripheral devices via the USB cable. 

@ Up to 127 devices may be served per USB host connection. 
e “Hot swapping” - devices may be connected, disconnected, 
reset, and power cycled while the host PC is in use. 

® Operation for simple low bandwidth devices at 1.5Mb/s, 

@ Operation at up to 12Mb/s for other devices, including audio 
and compressed video. 

® Reduction in cabling. 

® Reduction in different type of cables. 

® Cabling is simple, physically flexible, low cost 4-core cable, 
e@ Up to 5m distance per cable run. 

® The electrical signalling allows the PC to place all peripherals 
on the USB into a suspended low power state. This is used for 
“green” energy saving systems. 
@ Automatic assignment of addresses to devices, together with 
software interrupt polling requires no user intervention for 
device set-up. 


The universal serial bus is not intended as a LAN, or to provide 
networking services, but purely as a local connection facility to 
a single host PC. 

The topology of a complete USB system is illustrated in figure 
2. The root hub is the host PC. All data transfers are 
performed between the root hub and devices on the USB 
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Figure 2: topology of a complete USB system 


network, and devices on the USB 
network do not communicate directly 
with each other. There is only ever one 
root hub. A USB node (also known as a 
function) is a device which uses the 
USB to communicate to the host PC, so 
our USB nodes are the keyboard, the 
mouse, the printer, and so on. 

The devices shown as hubs are 
special USB equipments which provide 
one port towards the host PC, but 
several downstream ports to which 
further hubs or USB nodes may be 
connected. This allows a treelike 
connection of USB nodes, and has the 
advantage that unplugging a device 
from the hub does not affect any other 
devices connected to it. It is envisaged 
that in practice hubs will normally form 
part of an equipment. For example, a 
keyboard may contain a hub device as 
well as a USB node for the keyboard 
itself. The hub on the keyboard now 
allows a mouse and gamepad to be 
directly plugged into it. This is called an 
embedded hub. 
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| Figure 3: connections on a PC used for development and games, interfaced using the USB system 
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We can now redraw figure 1 to show how the example PC 
and all its connections can now be interconnected using the 
USB system (figure 3). The keyboard is an embedded hub, and 
the other hub connections are used for the mouse and the 
game pad. The monitor is a hub for the speakers and 
microphone (note that in figure 3 we now have the capability 
for monitor control which was not present in the original PC 
configuration). The scanner operates as a hub for the two 
printers, and also operates as a hub for a special hub to which 
the other peripherals (the modem, ZIP drive and development 
peripherals) are connected. 

Note that we now have considerably less cabling to the PC 
(as well as this, many of these functions will also be powered 
fram the USB, eliminating some power cables}, and we have 
removed three expansion cards - the USB root hub is 
implemented on the motherboard. 

There are a number of peripherals that are unlikely to use 
the USB system: 


CD-ROMs intended for internal mounting 
Disk drives - internal disk drives, and external hard disks will 
not use the USB system because they have a continuous very 
high bandwidth requirement when they are in use. 

Monitor video data. This has a very high continuous bandwidth 
requirement (up to tens of megahertz), and as the monitor is 
usually located close to the PC system unit then the usual 
SVGA connector can be employed. However, control of the 
monitor from the PC can use the USB system, and in our 
example we have shown the monitor as a hub used to connect 
the microphone and speakers. 


Devices on a USB system may be high speed or low speed. 
High speed devices may use up to the full USB bandwidth of 
12MHz, low speed devices use a 1.5MHZz transfer rate. The 
lower speed device requirement is intended to drive simple 
devices such as mouse or keyboard which do not send large 
amounts of data, and send it (relatively) infrequently. There is a 
limit placed on the number of low speed devices on a USB 
system, as each byte sent by or to a low speed device 
occupies the same amount of bus time as 8 bytes sent by a 
high speed device. 


USB NODE 
CLIENT - CLIENT 
(APPLICATION ———— eat etn) aE (APPLICATION 
SOFTWARE) SOFTWARE) 
USB HOST SYSTEM USB HOST SYSTEM 
SOFTWARE SINGLE PIPE ENDPOINT 0 SOFTWARE 
ROOT HUB | PACKETISING AND PACKETISING AND 
CRC CHECKING CRC CHECKING 
USB FRAMING USB FRAMING 


ecco 


SERIAL TO PARALLEL’ 
| PARALLEL TO SERIAL 


USB TRANSCEIVER 


| L______f 
HUB 


Devices on a USB system are either asynchronous, or 
isochronous. Asynchronous devices generate cr receive data 
as required, For example, the keyboard and the mouse are 
asynchronous devices. lsochronous devices are defined as 
devices whose bit rate is defined by the data. For example, 
speakers are an isochronous device, and a telephone would 
also be isochronous, as the speakers require a constant bit 
rate of around 1Mb for a high quality stereo sound system, 
and the phone requires a constant bit rate of 128Kb for a 
duplex conversation when in use. 


USB protocols 

The normal RS-232 serial interface on a PC has just two 
layers, the electrical which defines the voltage and 
impedance levels, and the serial to parallel conversion. 
Applications are then responsible for defining the meaning of 
bytes transmitted on the interface. 

The USB system consists of a number of layers. The USB 
specification covers the mechanical and electrical interface 
and addresses the issues of packetising data, addressing 
data, and the control and set-up of peripherals to the 
minimum level required for communication by application 
software. The communication layers in a USB system using 
a hub are illustrated in figure 4. We will now consider each 
layer in detail. 


Mechanical 

The USB plug is normally supplied moulded to a cable. If 
you have a PC manufactured within the last 12 months or 
so, you probably have a dual USB connector on the back 
panel which will be the two port connections for the root 

hub. The symbol for the USB connector (which may be 


the USB symbol 


| 


SERIAL TO PARALLEL! 
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USB TRANSCEIVER } 


INTERNAL CONNECTION 


Figure 4: USB protocol layers (system using hub). Hub communications to the host are now shown 
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printed alongside it) is illustrated in figure 5. The connectors 
are unique for upstream and downstream ports on a hub, 
and so it is impossible to create loops within a USB system 
which would almost certainly cause failure of the USB 
system. Any node is connected to a hub using a single cable 
with a connector on each end, and any hub is connected to 
a higher level hub using a single cable, 

The cable used for a USB link is four-core. The cores and 

pin numbers in the connector are as follows: 


Pin 1 VCC 
Pin 2 - Data 
Pin 3 + Data 
Pin 4 Ground 


A high speed connection (12MHz) is made through shielded 
twisted pair for the data lines, the low speed connection may 
be made through unshielded untwisted pair. The impedance 
of the cable is 90 ohms +/-15 percent. The high speed cable 
is illustrated in figure 6. 


Figure 6: USB cable 


Electrical 

There are two data lines for signalling D+ and D-. These are 
be normally driven with data which causes differential 
signalling, that is to signal a 0 then D- has a voltage level 
which is above D+, and to signal a 1 then D- has a voltage 
which is below D+, 

The basic electrical standard used to drive the data is 
balanced drivers with a source impedance of between 58 
ohms and 84 ohms. Each driver should have the same 
impedance, so typically two drivers with identical source 
resistors will be used. The transmitters must have an output 


SOURCE 


DATA IN RESISTOR 


SOURCE 
RESISTOR 


swing of greater than 2.8V into a 15k load, and must be 
capable of being switched off. 

The receivers are balanced and must switch with an input 
differential of 200mV. Each data line must also have a single 
ended receiver to enable the device to detect differential 
violations (where both data lines are switched to the same 
state), to allow for additional switching. 

To differentiate between a high and low data rate device 
1.5k pull-up resistors are used. See figure 7 which shows 
complete USB transceivers for high speed and low speed 
applications implemented in a USB node, or in a port ona 
hub. A high speed device has a pull-up resistor on the D+ 
line and a low speed device has a pull-up resistor on the D- 
line. The drivers have pull-down resistors of 15k. In the idle 
state of the line (when the USB peripheral device is not 
powered, and the downstream driver is in a high impedance 
state}, the pull-down and pull-up resistors may be used to 
determine the bit rate by the hub. 

These resistors may also be used to determine when a 
device is connected to a hub port. With no device 
connected to a port, its transmission drivers will be in a high 
impedance state, and the two data lines will both be pulled 
to ground. This is called a ‘single ended 0’ state (or SEO). 
When a device is connected to the port, it will be powered 
up, but its transmission drivers will be in a high impedance 
state. Therefore the pull-up resistor on the device's upstream 
port will pull one of the data lines high. This may be detected 
by the hub’s downstream port. 

When no packets are being sent (when the USB is in the 
idle state), the data lines are in the high impedance state, and 
one data line is pulled up to indicate the data rate. Data is 
grouped into packets for transmission on the USB. At the start 
of a packet (SOP), the data lines are driven into the opposite 
state so that the first bit of the packet holds the opposite state 
to the idle state. At the end of the packet (EOP), the data lines 
are driven to a single ended 0 for a period of 2 bit times, and 
then the bus is released for a minimum of 1 bit period, so that 
it has returned to the idle state ready for the next packet. 
Figure 8 illustrates transmission of a complete packet. 

It is also possible to reset all devices connected to a port; 
this is achieved by the hub placing the data lines into an SEO 
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Figure 7: USB tranceivers 
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Figure 8: complete packet 


state for a period of 10ms. All devices which see this state 
should then act as if they have just been connected to the bus. 

Normally at least one packet will be sent on the bus every 
millisecond. If the USB is idle for more than 3ms, all devices 
may enter a suspend state. In the suspend state devices 
should power down and use less than 500uA current. However 
they do not have to do this, and may continue to draw power 
as required for monitoring functions. For example, if the host 
PG enters a low power state due to lack of keyboard or mouse 
activity, then it may suspend the bus by placing it into the idle 
state for more than 8ms. However, the keyboard and mouse 
must remain fully available to detect user key presses or 
mouse movements to wake the PC from its low-power state. 
To do this they may draw the current they require to perform 
this task. 

Once suspended, devices may be woken by a reset, by a 
resume state, or by normal traffic on the bus. It is permissible 
to take up to 20ms to wake from the suspended state. 

All hubs must use high speed data rates on their upstream 
port, and may allow high or low speed data rates on the 
downstream port. 


Data transmission 

The data sent over the physical link employs NRZI encoding 
with bit-stuffing. In this data transmission scheme, a O bit is 
represented by a change in the state of the data lines and a 4 
bit is represented by no change in the data line. 

The receiver determines the clock to be used from the 
transitions in the bit stream, so it could be seen that a long 
series of 1s will result in no transitions in the bit stream, which 
would be disastrous for the receiver's clock-recovery circuitry. 
To prevent this problem, “bit stuffing” is employed. This 
technique inserts a ‘O’ bit in the data stream if six 1 bits have 
been seen, prior to the NRZI process. The receiver then 
removes the 0 bit after six 1s. This means that when 
transmitting a long series of 1s, there is a potential inefficiency 
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Figure 9: transmission of bit stream using NRZI with bit stuffing 
J 


of 14 percent in the data, however, if this is a problem then 
higher levels of the software are expected to employ data 
compression to optimise out this inefficiency. 

The complete transmission process is shown in figure 9 
which illustrates the transmission of a bit strearn. 


The USB power distribution system 
The USB systems allows distribution of power to attached 
peripherals, The nominal supply voltage is 5V, but devices must 
operate with a power supply as low as 4.75V when drawing full 
current. The maximum current consumption of all loads 
powered together is 5A, and any one peripheral may draw a 
maximum current of 100mA on configuration, and up to 
500mA maximum load. This is likely to be ample for nearly all 
peripherals. The current drawn in suspend mode is a maximum 
of 500uUA. 

Looking again at our example PC, the following peripherals 
may be powered from the USB: 


® Keyboard. 

@ Mouse 

@ Gamepad 

@ Speakers. 

®@ Modem. 

@ High capacity floppy drive 

® External development peripherals, 


Clearly the scanner and printers will require their own power 
supplies, as power drawn by these devices may be tens of 
watts. This type of device is known as a self powered device. It 
is expected that even self powered devices will still power their 
USB circuitry from the USB power distribution system. This 
allows the host to determine that these devices are present 
even if the external power supply is not available, or allows the 
hast to enable the power supply of the device remotely. 

When initialising a USB system, the host controller must 
determine the identities of all the devices attached to the USB 
bus. This is called bus enumeration. In performing this function, 
the host also requests each device to inform it of its current 
requirement during the configuration period (when each device 
will be drawing less than 100mA), If the total requested current 
is greater than can be supported by the host (which may be 
less than the 5A maximum capability defined by the USB 
specification), then high power devices will be informed that 
they cannot draw full current and may have to operate with 
reduced capability, or not operate at all, 


Addresses and endpoints 

Every function (device) on the USB has an address. Addresses 
range from 0 to 128, and are programmed by the host during 
the configuration of the bus by the host following power up, up 
to 127 devices may exist on the USB system without the 
necessity for each to have a different address set up by the 
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Figure 10: USB 1 millisecond frame structure 
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user - anyone who has tried to set up expansion cards in a 
PC and has to worry about setting the address and interrupt 
number of the card will appreciate how much of a benefit this 
can be ! 

A function may have a number of endpoints. An endpoint is 
an internal address within the function which allows the 
controlling software to address packets to different internal 
functions of a single USB function. For example, a combined 
scanner/printer may have an endpoint for the scanner and an 
endpoint for the printer within a single USB address to allow 
the host software to treat the single device as two 
independent functions. A device may have up to 16 endpoint 
addresses. Endpoint address 0 is the controlling endpoint 
which is used by the host software to set up all devices on the 
USB system, and cannot be used by the application. 


Packetising 

Data to be sent on to the USB is divided into packets, the 
maximum size of which is around 8kbits - at 12MHz this takes 
around 700us to transmit on the bus. Data is transmitted on 


the bus Least Significant Bit (LSB) first. Most data transfers 
are in bytes, however, some bit fields transmitted in headers 
are not aligned on a byte boundary. 

The USB host divides time into 1ms frames, Every 1ms the 
host sends a special packet, the start of which (the SOP bit) is 
accurately timed. At the end of each frame there is a guard 
time during which no data is sent, and during which time hubs 
on the USB system electrically disconnect any active 
transmitters. This ensures that the bus is idle for the SOF. This 
is illustrated in figure 10. These frame packets are not sent 
when the bus is suspended. 

A packet is delimited by the SOP and EOP markers on the 
data lines as described above. 

A packet always starts with a synchronising pattern which 
is sent as seven Os followed by a 1 - this represents the byte 
80 hex. This is used to enable the receiver's clock 
synchronisation circuitry to recover the clock. Following the 
synchronisation pattern the first bit of the packet is sent on 
the bus. 

The format of the various USB packets is shown in figure 11. 


FRAME SYNC PID - IN ADDRESS ENDP — CRC 
wpackET | 00000001 10010110 Pe ee ee ee eee eee 
USB NODE. THE ENDPOINT ADORESS IS 
FRAME SYNC PID-OUT ADDRESS ENDP —CRC THE ADDRESS OF THE ENDPOINT WITHIN 
THE NODE. FOR OUT AND SETUP THESE 
OUT PACKET 00000001 10000111 32 BITS ADDRESSES ARE THE ENDPOINT WHICH 
SHOULD RECEIVE DATA, FOR IN PACKETS 
THESE ARE THE ENDPOINT ADDRESS 
FRAMESYNC  PID- SETUP — ADDRESS ENDP CRC Tr het ace eats 
setup Packet | 00000001 10110100 seit | 32BITS 


FRAME SYNC PID - SOF 


FRAME NUMBER CRC 


THE FRAME NUMBER CYCLES 
SOF PACKET | 00000001 40100101 11 BIT spit | 32BITS | FROMOTO7FF Hex AND 
INCREMENTS ON EACH FRAME 
FRAMESYNC PID - DATAO DATA CRC 
DATAOPACKET | 00000001 14000011 0- 1023 BITS 32 - 8216 BITS 
FRAME SYNC ‘PID - DATAT DATA CRC 
DATA1 PACKET 0- 1023 BITS 16 BIT 32 - 8216 BITS 


PID - ACK 
FRAME SYNC = HANDSHAKE 


HANDSHAKE 
ms wore 


PID - NAK 
FRAME SYNC . HANDSHAKE 


HANDSHAKE 
pecans orortoro | 16 BITS 


PID - ACK 
FRAME SYNC HANDSHAKE 


HANDSHAKE | — go0000+ 01111000 


PACKET - STALL aise 


NOTE: 


ALL FIELDS ARE TRANSMITTED LSB FIRST 
BIT FIELDS ARE SHOWN LSB FIRST AS THEY 
WOULD BE TRANSMITTTED 


THERE IS AN ADDITIONAL PREAMBLE PACKET 
TYPE USED FOR LOW SPEED DEVICES 


Figure 11: packet formats 
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_ the address of the potatos which is generating data. 
aa of rane eed by the 11 = frame number. This i is the pepe sent every ims. 


First packet of a host to function transaction. Packet includes address of function and the 


Data packet. Followed by up to 1023 bytes of data i in8 bit form. 


Data packet. (See below for details of how DATAO and DATA1 packets are used). 
Followed by t up to 1023 bytes of dat data in 8 bit form. 


“Acknowledgement by receiver that t the packet was received without errors. ; 
Receiver cannot accept data. 


Indicates that an endpoint is stalled, for example this may be sent to indicate that a device 
has been unable to process all the data sent to it as yet. 


Note that the fields of the packet do not line up on 8-bit 
boundaries; for example, the 7 bits of the address in an OUT 
packet are followed immediately by the 4 bits of the endpoint 
address. These packets are also known in the specification as 
tokens. 

The first four bits sent are the PID. This stands for packet 
identity, and is a 4-bit code (the upper four bits of the PID 
byte are the same 4-bit code, but inverted providing a simple 
check on the code). The types of PID available are shown in 
the table above. 

Addresses are seven bits in length, endpoint addresses are 
four bits in length. 

CRC checking is applied to the longer of the packets. The 
CRC check is either five bits long or 16 bits long dependant 
on the packet type. The CRC check is intended to ensure that 
the packet has been received correctly without errors. 


Sending and receiving data 

Data transfers always occur between the host and an 
endpoint on a function with a specific address. This unique 
address to which data is transferred is called a pipe. A pipe 
may be a stream pipe or a message pipe. A message pipe 
contains data in a defined structure, a stream pipe contains 
unstructured data such as sound information for speakers or 
from a microphone. 

Data transfers are always based on a multi way packet 
transfer and are always initiated by the host - it is not possible 
for any function on a USB system to send data autonomously. 
The direction of transfer is indicated by the host sending either 
an IN or an OUT packet. The IN packet is a request to the 
function from the host to send the host some data in one or 
more packets, the OUT packet is a request to the function to 
send the host some data in one or more packets. Following 
the IN or OUT packet the function or the host respectively 
send a DATA packet, following each data packet the receiving 
end of the USB transaction sends an ACK (or NAK or STALL 
if there is a problem), and then the next packet may be sent. 
The initial packet sent is a DATAO packet, the next packet is a 
DATA1 packet and then back to DATAO, the packet types 
toggle between DATAO and DATA? throughout the data 
transfer. 

When the function is receiving data it may return an ACK 
packet if the data was received without error, a NAK packet if 
the function was temporarily unable to receive data, and a 
STALL packet if there is a problem with the function which 
requires resetting from the host. 


~ Preamble - used for communication to low speed devices. 


An example of an occasion when a STALL packet may be 
sent would be if a watchdog circuit timed out.. A watchdog 
circuit in a microprocessor based system is usually based on a 
resettable monostable, the software must keep resetting the 
monostable, if it fails to do so due to a software failure or 
unexpected external event then the monostable times out and 
produces a hardware reset or non-maskable interrupt. Ifa 
watchdog time-out occurred in the function the function may 
send STALL packets in response to any query by the host, and _ 
may then be reset and initialised by the host, and can continue 
operation. 

An interrupt transaction occurs to a special type of endpoint 
called an interrupt endpoint. Interrupt endpoints are normally 
polled by the host on a regular basis. If the endpoint has data 
then it sends it using the interrupt endpoint when it is polled. It is 
usual that there is only a small amount of interrupt data, if larger 
amounts are to be sent the interrupt packet may identify the need 
for the large data transfer which can be transferred at the request 
of the host at a later time. 

An example of interrupt data may be a keyboard which 
returns a keycode when a new key is pressed. Thus the 
endpoints on a keyboard may be: 


Endpoint 0, which is always used for USB management control. 
Endpoint 1 which may be used to control the state of the 
keyboard - for example in setting LED's on the keyboard. 
Endpoint 2 an interrupt endpoint used to send the keycode of a 
key which is pressed. 


Transfer to an isochronous endpoint is achieved without the 
handshake packet, the host issues an IN or OUT packet and 
then the DATA packet is sent. Only DATAO packets are used. As 
an illustration of bus bandwidth required by an isochronous 
device, consider a stereo microphone which employs audio 
compression to achieve a bandwidth requirement of 50Kbits/s 
per channel. This will require a packet size of 12.5 bytes per 
millisecond. By the time that the size of the IN packet, the header 
and CRC on the DATA packet, and the SOP and EOP states, are 
taken into account this device will use about 17Obits during the 
frame, or around 1.5 percent of the USB bandwidth at 12MHz. 


Connecting and disconnecting USB 
functions 

When a USB function is attached to a hub the hub detects its 
presence by the change in electrical levels (as described 
above in the section on the electrical interface of the bus). 
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The hub notifies the host of the attachment (recall that the 
host PC has a hub itself - the root hub). The host then 
enables the port on the hub and addresses the peripheral on 
that port using the USB default address, the host then assigns 
an address to the peripheral and establishes control pipe O. 
From this point onwards the peripheral can be set up from the 
host and then used by application software. It is likely that in 
most implementations of the host, then the host will set up all 
USB devices during the boot up sequence of the host, 
applications may then run at a later time and will have the 
USB peripherals which they address immediately available. 

Connection of a hub requires the hub to be initialised, and 
then each port of the hub to be initialised in order. 

Disconnection of a function or hub is also recognised by 
the change in electrical levels. The hub notifies the host which 
removes all records referring to the hub or function, and 
notifies any application software of the removal. 


INTERRUPT 
meet kel oe 


D+, D- PO.0 - PO.7 


Implementing the USB interface 

Those readers who have studied this article in detail will 
probably have realised that providing a USB interface on a 
peripheral is considerably more complex than interfacing to 
earlier standards, such as RS232 or the parallel port. On the 
other hand, the problem of interfacing to USB is likely to 
become crucial if it becomes widely accepted, and in this 
case it is likely that microcontrollers will increasingly become 
available with USB ports, and with USB application software 
provided as standard. 

The first decision to be made is whether the peripheral will 
contain an embedded hub, or whether it will simply consist of 
a USB function. It is likely that most non-commercial users will 
implement peripherals without embedded hubs, and rely on 
the commercial manufacturers to produce either dedicated 
hubs, or peripherals with embedded hubs and multiple 
downstream ports. 
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Figure 12: Cypress USB microcontroller (low speed peripheral) - block diagram 


Figure 13: mouse with a Cypress microcontroller 
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Given the relative complexity of the USB it is hardly 
surprising that the only support chips currently available or 
planned are based on microcontrollers, we will take a look at 
two series of planned microcontrollers from intel and from 
Cypress. It is likely that mask programmed microcontrollers like 
these will become available for specific applications such as 
keyboard and mouse functions, these chips are likely to be 
available at very low cost. 


Implementing a peripheral device 

The CY7C63x00 series are USB microcontrollers designed for 
peripherals operating using low speed USB. The series is 
intended to be fully available by the end of 1997 with full 
production now. The block diagram of this device is shown in 
figure 12. The smaller devices offer 10 in/out pins, and the 
larger devices offer 16 in/out pins. The USB transceiver is on 
chip, and the chips offer 128 byte of ram and 2K or 4K of 
eprom. As an example of the use of one of these 
microcontrollers, figure 13 shows a mouse implemented using 
one of the Cypress ics using Cypress’s promotional literature 
As can be seen in this circuit, there is very little to a USB 
device implemented using a controller such as this. 

Anyone used to using the PIC series of microcontrollers 
would have little problem using these devices. There is an on 
chip timer generating 128us and 1.024ms interrupts. The 
device supports USB suspend mode directly, which can be 
woken up by USB interrupt or external interrupts. Interrupt 
sources are the timer, external action, or USB endpoint 
actions, The device has two endpoints, endpoint 0 is capable 
of receive and transmit, endpoint 1 is capable of transmit only, 
data is loaded into the endpoint FIFO register, and will be 
transmitted automatically by the microcontroller on receipt of 
an IN packet, The microcontroller will generate an interrupt on 
receipt of a packet to endpoint 0. The microcontroller has a 
tisc core, and supports immediate, direct, and indexed 
addressing modes. 


Voce Vesp 
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Figure 14: 8 x 930Hx USB hub/peripheral controller pin-out (64 
pin package) 


implementing a Hub 

The 8x930Hx microcontroller from Intel is a complete hub 
peripheral controller which offers one upstream port, an internal 
hub, and three external downstream ports. All the ports have 
internal USB transceivers. The internal embedded controller 
has three endpoint buffers of 16 bytes, and a configurable 
1Kbyte buffer, this will allow endpoint 0 and control functions 
on the 16 byte buffers with large scale data transfer on the 1K 
buffer. The device has 1Kbyte of internal ram, and up to 
16Kbyes of rom, although it is possible to use external 
eprom/ram up to a total of 256Kbytes. This particular device 
offers operation at up to 12Mbps. The controller is available in 
a 64 pin package - the pin out is shown in figure 14, and this is 
clearly a non-trivial device! 

This device is code compatible with the 8051 series of 
microcontrollers. 


The future of USB 

The USB is a new interface standard. To become accepted and 
widely used a standard must be supported by suppliers of 
equipment which may use it. One only has to look at the 
Betamax video tape standard, or the IBM Micro-Channel 
architecture for bus interfacing, to see that good ideas can fail to 
conquer the market if they have insufficent third party support. 

It seems unlikely that USB will be supported until it is widely 
available on host PCs. This is because suppliers of peripherals 
will want a market which is not limited to people who have 
purchased new PCs in the last year or so. This could be 
achieved if add-on USB host cards become widely available for 
those that do not have USB on the motherboard, but a quick 
scan of the computer magazines showed a distinct dearth of 
such cards available at time of writing. A number of PCs are 
advertised with dual USB ports, and | found that many new 
PCs which are not advertised with USB ports are in fact 
supplied with them. However, when | phoned three PC 
suppliers, only one could actually tell me what USB stood for 
and for what it is used! 

The first peripherals likely to use USB are the higher 
bandwidth complex devices such as printers and scanners 
where the cost of the USB interface is not significant in 
comparison to the overall cost of the device. For simpler 
devices such as keyboards and mice, it seems unlikely that 
USB will be cost competitive with the cheapest devices which 
are currently available, and it will take some time for USB 
chipsets for these applications to be widely available and cost 
competitive. | spent some time scanning advertisements in 
several PC magazines, but | was unable to find a single 
peripheral which used the USB. 

In conclusion, the attractions of USB are such that if the 
system starts to become widely available on peripherals as welt 
as on PCs, then it will snowball, becoming the de facto 
interfacing standard. In the longer term as the application ics 
become more widely available | hope to be able to bring the 
readers of ET| an example interface using the USB. 


The USB standard 

The current issue of the USB standard is available on the 
internet from the USB implementors forum at: 
http://teleport.com/~USB, on on email at 
USB@FES.FM.INTEL./COM. The author is prepared to supply 
copies of the USB specification in Microsoft Word 6,0 (and 
above) format. Please send an SAE and £3.00 to Robin 
Abbott, 60 Walkford Way, Christchurch, Dorset, BH23 50G 
mail order only. 
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Figure 1: the basic Wien oscillator configuration 
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Figure 2: an alternative Wien oscillator that can be tuned by 
varying the value of Ri 
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Figure 3: the circuit diagram of the switch tuned audio generator 


amplifier is out-of-phase with the output signal. |C2 
operates as an inverting amplifier to this signal, with 
R4 and R& acting as the negative feedback 
network. This further inversion means that the 
output signal from IC1 boosts the output signal from 
IC2.The stronger the output from IC1, the greater 
the boost. 

Increasing the value of R1 produces stronger 
oscillation, but it also produces reduced voltage gain 
from (C1 and a weaker output signal from this 
amplifier. This produces a reduction in the boost to 
the output level of the oscillator. The stronger 
oscillation is therefore counteracted by the reduced 
boost to the output level, and wide variations in the 
value of R1 produce no significant change in the 
output level. The circuit still requires automatic gain 
control to compensate for variations in output 
loading, etc. This can be provided in the normal way 
by using a thermistor in place of RS. It is possible to 
cover a wide frequency span by altering the value of 
R1, but the scaling is extremely non- linear. This is 
not really of any consequence in the present 
application where R1 is a series of fixed resistors 
rather than a potentiometer. 


Circuit operation 
The circuit diagram for the switch tuned audio 
generator appears in figure 3. |C1 is used in the 
Wien oscillator, and with the only exception that the 
circuit is powered from a single supply rail, it uses 
exactly the same configuration as the circuit of figure 
2, R1, R2, and C2 produce a centre-tap on the 
supply rails that is used for biasing purposes. R5 to 
R24 are the range resistors which give the circuit its 
basic repertoire of 12 output frequencies. It is 
inevitable that some rather odd values are requires, 
and most of the tuning resistances are made up 
from two resistors connected in series. There are 
four sets of capacitors in the Wien network (C3 to 
C10) and these provide the circuit with its four 
frequency ranges. S1 is the frequency control and 
S2 is the range switch, Th1 is the self-heating 
thermistor which stabilises the output level. 
Sinewave to squarewave conversion is provided 
by IC2 which is an operational amplifier used open- 
loop and in the non-inverting mode. The high 
voltage gain of 1C1 results in a heavily clipped output 
signal that is a squarewave of reasonable quality. 
However, the wave shape is improved by the diode 
clipping circuit based on D1 ta D4, and this circuit 
also reduces the peak-to-peak output level of the 
squarewave generator to one that is comparable to 
the output level of the sinewave oscillator, The 
required output signal is selected via S38, and C11 
couples the output from S3 to the attenuator 
circuit.VR1 is the variable attenuator, and S4 is the 
attenuator switch.VR1 receives the full output level 
when S4 is closed, but R26 introduces losses of 
about 40cB (that is, it reduces the output level by a 
factor of 100) when S4 is open. It is easier to set 
very low output levels when S4 is set to attenuate 
the output signal. Due to the 20 percent tolerance 
rating of VR1, the attenuation provided by R26 may 
not be precisely 40dB. 
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Power is obtained from a nine volt battery (B1}, and the current 
consumption of the circuit is about 10 milliamps. A PP3 size 
battery is just about adequate to power the circuit, but a higher 
capacity battery would be a better choice if the unit is likely to be 
used for long periods. 


Construction 

Details of the stripboard component panel are provided in figure 4 
{component layout} and figure 5 (copper side view). The board 
measures 37 holes by 22 copper strips. Construction of the board 
is very straight forward since the majority of the components are 
hard wired to the switches. Construction would be slightly easier 
and the finished unit would be somewhat neater if printed circuit 


mounting switches were used. The tuning resistors and range 
capacitors could then be mounted on the circuit board. This 
method of construction had to be discounted due to the high cost 
of the switches, which is out of proportion to the cost of the other 
components. 

Construction of the component panel follows along normal 
lines. First a board of the appropriate size is cut out using a 
hacksaw. Any rough edges are then filed to a smooth finish, and 
the two 3.2 millimetre diameter mounting holes are drilled in the 
board. These will accept either metric M3 are 6BA mounting bolts. 
| would not recommend using plastic stand-offs with stripboard 
components panels. Next the breaks in the copper strips are 
made using either the special tool or a hand-held twist drill bit of 
about five millimetres in diameter. Make quite sure that the strips 
are cut across their full width, especially if you are not using the 
proper tool. The board is then ready for the components and link- 
wires to be added. Be careful to fit the diodes and electrolytic 
capacitors with the correct polarity. Fit single-sided solder pins to 
the board at the points where connections to the controls will 
eventually be made. 

When building the circuit board, bear in mind that the 
CA3140E used for IC2 has a PMOS input stage. The normal anti- 
static handling precautions must therefore be taken when dealing 
with this device. It must be fitted in a holder and not soldered 
direct to the circuit board. It should not be plugged into the holder 
until the unit is in all other respects finished, and it should be 
handled as little as possible when it is eventually fitted into place. 

The thermistor (TH1) has a glass encapsulation, and it should 
be treated with due care as it is inevitably quite fragile. This 


Figure 4: 


the component layout for the stripboard panel 


Figure 5: the underside view of the stripboard panel 
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Figure 6: details of the hard wiring (use in conjunction with figure 4) 
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basic function of the unit to be verified, but bear in mind that apart more of a rough buzzing sound. The difference between the two is 
from 10 kilohertz, the output frequencies on the highest range are more obvious at low output frequencies where the harmonics of 
beyond the limits of human hearing. The sinewave signal has a the squarewave signal are largely at audible frequencies. 

very distinctive “pure” sound, whereas the squarewave signal is 
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FROM MAJOR MANUFACTURERS 


Intel introduces “next level” with the 
Pentium [fl processor 

The Intel Corporation has introduced a new generation of 
Pentium processors, the Pentium Il processor. The new device, 
which has been introduced at speeds of 300, 266 and 233 
megahertz, combines Intel’s advanced Pentium Pro processor 
with the capabilities of its MMX {tm} media enhancement 
technology. MMX, which has been added to the Pentium Il to 
enhance performance tor audio, video and graphics applications 
as well as speed up data encryption and compression, was 
originally developed primarily for the games market (which has 
driven so much popular computer development) but, to give an 
example, can also be used to allow a PC to do most of the work 
of amodem so that the modem itself becomes just a low cost 
interface to the telephone line. (Though the PC cannot do much 
else at the same time.) The 7.5-million transistor processor core 
is based on Intels P6 architecture, and is manufactured on .35- 
micron process technology with a new packaging method. 

The new processor is provided in a new style of package, 
the Single Edge Contact cartridge. This incorporates the 
processor itself, plus 512KB of level 2 cache unified for code 
and data. The L2 cache is made from industry-sourced static 
ram, and runs at half processor speed on its own bus, while 
the systern bus (used for memory of I/O requests} runs at 
66MHz. Consequently, the Pentium tl at 266 MHz can achieve 
around three times the peak bus bandwidth of the highest 
speed Pentium processor system, which runs one bus at a 
peak of B6MHz. (This feature is referred to as dual independent 
bus architecture). 

L2 cache performance has a major impact on overall system 
performance, and running the L2 cache bus at half processor 
speed would be difficult to achieve if the cache and the 
processor itself were both separately mounted on the 
motherboard. No doubt Intel intend to use this new packaging 
method to permit further advances in power for further 
processor generations. Another advantage for Intel may be that 
the cartridge processor makes a break from standard 
motherboards, compelling users to choose between Intel- 
specific motherboards and competing types. 

The processor core has 32KB of non-blocking L1 cache 
running at processor speed, divided as 16KB data and 16KB 
instructions, also a vital feature for performance. 

The new processor also has the Pentium Pro's features of 
dynamic execution, which executes instructions ahead of time 
when possible. A 12 stage pipeline is used, with a two level 
adaptive branch prediction mechanism to reduce the probability 


of there being a clock cycle when the processor is wasting time. 

Dynamic Execution incorporates the two concepts of “out 
of order” and “speculative execution", effectively eliminating the 
constraint of linear instruction sequencing between the 
traditional "fetch" and “execute” phases of instruction 
execution, Up to three instruction can be decoded per clock 
cycle. Considered conceptually, the decoded instructions are 
put into a dataflow graph, which can hold up to 40 
instructions; these are executed from the graph when their 
operands are available (versus instruction order). Up to four 
instructions can be executed per clock cycle. 

Intel's MMX Technology incorporates 57 instructions 
oriented to highly parallel operations with multimedia and 
communications type data. These instructions use a technique 
known as SIMD (single instruction, multiple data) to crunch 
several bytes in the same way, delivering better multimedia 
and comms performance. The Pentium Il processor can 
execute two MMxX instructions at a time. 

Multi processor systems are also catered for. The Pentium Il 
system bus supports up to eight outstanding bus requests 
(four per processor}, allowing more parallel operation between 
processors and I/O, as well as supporting smooth performance 
scaling to a two-processor system. The GTL+ electrical 
signalling of the system bus will assist the migration of this bus 
to higher frequencies as DRAM technologies with higher 
performances reach the market. The GTL+ bus will provide 
“glueless" (no additional chip logic required} support for two 
processors, giving cost-effective SMP (symmetric multi- 
processor) solutions. 


ELECTRONICS TODAY INTERNATIONAL 


The Pentium II's write-combining technology, which 
combines multiple writes to one region of memory (for 
example, a video controller frame buffer} declared as WC 
type in a single burst write operation, can be used to get 
very high graphics |/O performance 

Testing and fault-monitoring features include built-in self- 
test, providing single stuck-at fault coverage of the 
microcode and large PLAs, as well as testing of the 
instruction cache, data cache, Translation Lookaside Buffers 
and roms. There is a standard test access port and 
boundary scan architecture mechanism (a growing test 
technique which is becoming a new industrial standard). 

The 266- and 233-MHz Pentium Il processors are already 
available in desktop systems from more than a dozen 
leading computer manufacturers, and the 300-MHz version 
will be appearing in workstations after the middle of 1997. 


A new high end processor from AMD 

Flash memory leaders AMD are also releasing a new PC 
microprocessor in 1997. In April AMD introduced the AMD- 
K6(tm) 233, 200 and 166 MHz processors, its 6th generation 
processors with MMX technology. AMD's view is that Intel's 
product strategy is to encourage PC makers away from the 
current motherboard and processor technology (Socket 7) to 
its unique daughter board technology, or single edge card 
{SEC}. “These new technologies do not offer direct benefits 
to the PC manufacturer, or necessarily to the user, This 
strategy ties manufacturers deeper into Intel, as it moves to 
propriety chip sets for the Pentium Il. Intels’s market strategy 
also requires different processors for 16-bit and 32-bit 
software." 

The AMD-K6 is a single chip solution for 16-bit and 32- 
bit software. Importantly, the AMD-K6 maintains Socket 7 
compatibility and therefore allows manufacturers to develop 


new, more powerful PCs using the current infrastructure, 
(motherboards, casing, power supplies etc), allowing cost 
saving. 

Perhaps because AMD are not the company setting the 
standard for PCs, their strategy seems to be to aim for 
technological advantages in certain areas. For example, 
comparing the cache size, the level 1 cache on the AMD-K6 
processor is 32K instruction and 32K data. AMD say that 
they have cut the number of transistors required for random 
logic compared with the Intel Pentium processors, and have 
used the space on the chip thus saved to incorporate a 
larger level 1 cache. In addition, they have concentrated on \ 
maximising the cache hits by using a very large branch 
prediction table. ! 

The relevance of the branch prediction table is that if the 
instruction cache is loaded with a series of instructions from 
memory, these will be able to be accessed very rapidly for 
as long as the software does not branch outside the 
instructions in the cache. As soon as there is a branch 
requiring an instruction not in the cache, the processor has 
to wait while the extra instructions are fetched. The branch 
prediction table is a means of determining the likely 
direction of the branch, and thus having the instructions 
ready when they are required. As a comparison, the AMD- 
K6 has 8192 branch history table entries, as compared with 
512 in the Intel Pentium Pro. 

There are several other areas in particular where AMD’s 
top of the range processors are aiming to offer features that 
will be an advantage to some users. One of these is that 
the AMD-K6 processor will plug into the widely-used 
Socket-7, often referred to as the Pentium bus connection. 
By comparison, Intel's Pentium Il processor plugs into a 
proprietary slot, which will mean that new motherboard 
designs will be required. Some PC manufacturers may find 
it advantageous to offer comparable performance without 
changing motherboard designs. 

The other competitive edge offered by the AMD-K6 
processor is that the delay when switching from 32-bit 
to16-bit instructions is less than with the Pentium Pro. What 
this means in practice is that when running an operating 
system such as Windows 95, which incorporates 16-bit 
code as well as 32-bit code, the AMD-K6 processor has 
significant speed advantages. An operating system such as 
Windows NT, which is exclusively 32-bit, will not show such 
differences between the two processors. 

Nevertheless, a comparison between an AMD-K6 
processor running at 200 MHz and an Intel Pentium Pro 
processor running at 200 MHz, both running the Windows 
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NT operating system, shows according to AMD's figures, a 
speed advantage to the AMD-K6. It is therefore possible 
that PC manufacturers offering machines specifically for use 
with Windows ‘95 may prefer to use the AMD-K6 processor 
for this purpose. 

The AMD-K6 processor is almost a risc machine in some 
respects. x86 instructions are translated into risc-86 
instructions then executed. In some cases the x86 
instruction results in zero risc-86 instructions. This raises 
the question as to whether a K6 native code running even 
faster would be possible. 

Another interesting technological step taken in the 
manufacture of the AMD-K6 processor is that instead of 
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table entries 
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FM.0-100KHZ; AM 0-60%, 32 PreSet Memory; Digrtal 
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POWER SUPPLY MODEL HSP3010 
0-30 Volts; 0-10Amps; Current Limiting. 2 metres 
—_ Used £235 Un-used £275 
PANASONIC VPT637A STEREO SIGNAL GENERATOR 
‘Generates Broadcast FM - ROSMARI PreSet Memory: GPIB 
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AUDIO GENERATOR 
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2 simple 
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16K + 16K 
Pentium Pro 


5-7 clock 


connecting to the chip by using bond-wires welded to pads 
round the edge of the chip, solder bumps on the chip are 
used to bond it upside-down into the package, taking 
connections from all over the chip. This saves some chip 
area, gets the signals in and out faster, and improves 
thermal performance. 


Below: A selection from comparison figures issued to AMD 
in May 1997. “Data shown are estimates based on industry 
publications and derived from reports that Pentium II ts 
based on Pentium Pro. Pentium If is not publicly available at 
time of writing. Final product features may vary from 
estimates shown. 
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Robotic Arm Kits 
TOYBOT - EDUBOT 
5 Axis open Kinematic Robotic 
arm kits with superb precision 
CNC machined parts, PC 
controlled with WINDOWS 
Software and fully 
programmable. 
Can be interfaced with four 
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PIC Servo Controller 

Controls up to 8 Servo 

Fully Addressable 

features two in and out ports 

for interfacing with up to 4 external devices 
or other controllers 


Phone for a brochure and price list 


Robotics 


tid 


3 PARK GATE, GLASGOW, G3 6DL 
TELEPHONE: +44 141 353 2261 FAX: +44 141 353 2614 
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Are Your 


Lights On? 


Keep on the light side of the law with 
Terry Balbirnie’s after-dark warning 


ave you ever driven off in the dark without 

switching on the car headlights? If you are 

honest, you will probably admit that you have 

done so at some time or other. If you were 

lucky, you were alerted by other motorists 
flashing their lights or by noticing the lights on other cars. If 
you weren't so lucky you might have caused an accident or 
been stopped by the police. 


Overview 

This circuit provides an audible warning when the 
headlights need to be switched on. The sound is only given 
while the ignition key is turned and will stop as soon as the 
headlights are operated. The warning takes the form of 
two rapid high-pitched bleeps given every so often. The 
signal is discrete and enables the motorist to disregard it 
when, for example, the engine is left running with only the 
sidelights on. It is also distinctive and will be easily heard 
above other noises inside the car. 

At the end of construction, the light level at which the 
unit needs to operate will be set to individual requirements. 
The time between sets of bleeps is also adjustable to one 
of three periods - 1 minute, 2 minutes and 4 minutes 
approximately. 

Providing it is dark enough, the first signal will be given 
as soon as the ignition is switched on. This ensures that a 
warning is obtained at the first opportunity. Of course, it 
may be dark enough inside the garage or in an enclosed 
car park to operate the unit while it is still lignt outside, 
Although a signal would be given under such 
circumstances, this is not thought to be a problem and the 
effect is simply ignored. 

The circuit comprises two parts. The first is housed in a 
small plastic box and contains the light sensor. This is 
placed so as to respond to the light outside, The other 
section contains the rest of the circuit including the buzzer. 
This will probably be mounted out of sight under the 
dashboard. The connection between the two parts is made 
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using light-duty twin wire. Connections will also need to be 
made to the 12V supply and to the lighting circuits. Details 


> = = 

" a if - for doing this are given later. The unit draws current only 
= = a while the ignition is switched on and since it requires only a 
as 9 ~— few milliamps, it imposes a negligible load on the car 

4 a system. 


How it works 

8 The circuit for the Lights Needed Bleeper is shown in figure 
As 1. 1C1 is a timer integrated circuit configured as an astable. 
Thus, as long as it receives a supply, it will provide a string 
of pulses at the output, pin 3. The rate at which these are 
given depends on the values of resistors R1, R2, R3, preset 
potentiometer RV1 and capacitor C1. With those specified, 
RV1 may be used to adjust the rate between about 4 and 
11 per second. For the purpose of explanation, assume that 
it has been set to provide eight pulses per second. 

These pulses are applied to the clock input, pin 10, of 
12-stage binary counter, IC2. Its outputs, Q1 to O12, then 
go high in various combinations to record, in binary, the 
total number of pulses registered. Table 1 shows the state 
of IC2 outputs over the first six and last six pulses. It would 
be very difficult showing the entire truth table because it 
would have 4096 lines! It will be seen that output Q1 goes 
high every second pulse, Q2 every four pulses and so. It will 
also be noted that, starting from the beginning, output Q3 
goes high on the fourth pulse, 4 would do so on the 
eighth one, etc. By the same reasoning, the final output, 
Q12 would go high on 2048 counts and all outputs would 
end up high on 4095, On the next pulse, all outputs would 
return to zero and the whole process repeat. In this circuit, 
a whole cycle is not allowed to happen because the L.c. is 
reset to begin a further one prematurely by making pin 11 
(reset input} high momentarily. More will be said about this 
later. The reset pin is normally kept low via resistor, R4 to 
prevent possible false resetting. Additionally, capacitor, C3 
makes pin 11 go high for an instant when the supply is 
connected (that is, when the ignition is switched on) and 
this ensures that the count will always begin at zero. 

Since output Q1 goes high every two pulses, it will 
operate at half the astable frequency - that is about 4 per 
second. This output is connected to one of the inputs, pin 
4, of 4-input NOR gate, IC4. (in fact, this ic contains twa 
identical gates but only one of them is used here). A NOR 
gate output is high only when all of its inputs are low. If any 
input is high, the output must therefore be low and will have 
no further effect. Referring to the truth table, it will be seen 
that when Q1 has gone through two low states (shown by 
asterisks}, outputs Q3 to Q12 go high in various ways until 
the device has performed a complete cycle or has been 
reset, Note that output Q2 is not used. A high condition at 
any output Q3 to Q12 will allow this state to pass via one or 
more of diodes D4 to 013 and hence to another NOR gate 
input, 1C4 pin 2, The output, pin 1 will therefore be kept low, 
Assume for the moment that the remaining NOR gate 
inputs, pins 3 and 5, are also low (this will be the case 
when it is sufficiently dark and when the lights are switched 
off}. IC4 output, pin 1, will then give two pulses (shown by 
the asterisks) at the beginning of the cycle then remain off 
until the next one. 
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Seeing the light 
The light sensor comprises light-dependent resistor, LDR1, 
Figure 1: The circuit of the lights-off bleeper and this works in conjunction with operational amplifier, IC3. 
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howe 2: the component layout 
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Figure 3: basic checking circuit 
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“Eprommer” 


Eprom Programmer 


with Personality Modules 


Keith Wardill’s versatile Eprom Programmer uses a PC serial port and a set of six 
“Personality Modules” to connect a wide range of eproms up to 64KB. 


his Eprom Programmer connects to a computer 

serial port, and will program and read most 

eproms up to 64 kilobytes now available. To avoid 

complex switching to cope with different eprom 

configurations in use, the Programmer uses a 
plug-in ‘Personality Module’ for each type of eprom. This 
module makes the correct pin connections, sets the 
programming voltage (Vpp), and determines the program pulse 
duration. 


Operating protocol 
The Programmer is designed to answer with a data byte when 
it receives a data byte. In PROGRAM mode, the data to be 
programmed to a particular address is sent to the Programmer, 
written to the eprom, and then the Programmer will read the 
programmed data back and send it to the host computer. By 
doing this, the software on the host can check if the eprom is 
correctly programmed before carrying on. In READ mode, a 
dummy byte is sent to the Programmer, which prompts the 
Programmer to read a byte of eprom data and transmit it to 
the host computer. Note that random access to program or 
read specific addresses is not possible, but as it ts 
program or read the entire eprom in one go, this is no 
handicap. 
After PROGramming or READing, the eprom Address 
Counter is incre S 


iSual to 


really a 


mented. If the reset switch is pressed to z 

the Address Counter, then by repeatedly sending data the 
complete eprom can be stepped through and programmed or 
read. it is the responsibility of the host computer to send the 
correct number of programming bytes, or dummy bytes to 
allow reading. 


The serial interface 

The serial computer interface (figure 1) uses a MAX232 
converter, IC1, to convert serial RS232 levels to and trom the 
computer into standard TTL for the Programmer. 


e999 
wede 
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The Transmit and Receive Data signals are connected to a 
6402 UART, IC2, which carries out serial\\parallel conversion. 
This is an industry standard device, and is easy to use 
because it can be configured by connections to its pins, rather 
than writing control data to it from a CPU. In this application, it 
is set up to operate with 8 bits, no parity, and 2 stop bits. This 
ic also has a number of Status and handshake signals, which 
are used by the Programmer as described later. 

The Transmit and Receive clocks are generated by the 
2.4576MHz crystal oscillator IC3C/D. Dual binary divider IC4 
divides the output to produce four clock outputs. The UART 
has an internal divider, and requires a clock which ts 16 times 
the required Baud speed. Thus, if it is to operate at 9600 
Baud, the clock frequency will be: 


16 * 9600 = 153600 Hz. 
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Figure 1: the Eprom Programmer serial interface circuit 
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Figure 2: the Eprom Programmer control circuit 
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EPROM 
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Figure 3: the Eprom Programmer timing diagram 
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Figure 4: the general construction and component layout of the 
personality modules 


Figure 5: the Eprom Programmer power supply | 
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required for a particular eprom. Resistor values for the 

common programming voltages of +12.5, +21V and +25V are 

given in Table 2. Use 1 percent or 2 percent resistors. 
Unfortunately, because of the different functions of various 


Table 2: pin connections for Personality Modules. Note: 1 
“3K3//5K6” means 3k3 resistor in parallel with 5k6 resistor. : 
Some Eproms are available with different program voltages. 
The value of Rp connected between pins 12 and 16 should 

be selected accordingly where both values are given. The 

values of R17A and B on the PSU are 10K//5K6 


pins as mentioned earlier, the programming voltage must be 
switched between Vpp when programming, to +5V when 
reading. (Just to make life difficult, the 2732 and 27512 are 
different) This is done with 1C13 and Q1. If Q1 is on, then R17A 
and B and Rp are effectively short-circuited and the output of 
IC13 is determined by the ratio of R15 to R16. (+5V). The 
Programming Pulse is applied to the base of Q1. When high (in 
the Read Mode), Q1 is on, and the output of IC13 is +5V. 
When the Program Pulse goes low (Program Mode), Q1 is off, 
so the output voltage of IC2 is determined by Rp. 

A further complication is caused by the differing 
requirements of the Output Enable (pin 22 of the eprom) during 
reading and programming. Due to lack of pins, the 
programming voltage is applied to the OE pin of the 27512, so 
it must be high during programming, and OV to read. The other 
eproms only require logic O or 1. To do this, Vpp is switched by 
Q3 and Q4, When the level from ICSA pin 6 is high 
{programming}, then Q4 is switched on, pulling the base of 
TRS low, and switching it on to apply Vpp to the Personality 
Module, and thence to the appropriate eprom pin. 

A final power problem is that Vec to 27256 and 27512 
eproms, normally +5V, must be increased to +6.2V during 
programming. This is done with IC11 and Q6. The negative 
going 1 ms programming pulse on pin 15 of the Personality 
Modules for these eproms is connected to pin 11, so that Q4 
is switched off during programming, and the output from IC11 
will rise to 6.2 volts, determined by R&\R4. When Q6 is 
switched on, during Read Mode, then R3 is effectively short- 
circuited, and the output of IC11 is +5V. For those eproms 
which normally only require +5V during both Read and 
Program modes, then the connection to Q6, via the Personality 
Module pin 11, is taken to +5V, ensuring IC11 output is always 
at +5V. 
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Figure 6: the component layout of the main board 


Mechanical construction 
The main PCB layout is double-sided (figure 6): this normally 
requires through-hole plating to connect one side of the board 
to the other. This is virtually impossible to do if you make the 
board yourself (as | do), and the board expensive to have 
made. To get round this, some of the ‘through’ connections 
are made by soldering the IC sockets on both sides of the 
PCB. | strongly recommend that good quality turned-pin IC 
sockets are used. These stand slightly clear of the PCB when 
fitted, and it is possible, with a steady hand, to solder to pads 
on the component side of the board under the sockets, and on 
the ‘copper’ side of the board, creating a through connection. 
Figure 7 shows how this may be done. Be warned: a steady 
hand, good eye, and small, hot soldering iron is essential for 
this. It is possible to do without the ic sockets, and solder 
directly to the pins of the ics, but this is not recommended 
because testing and replacement is difficult (or impossible). - 
There are also a number of through connections made by 
wire links soldered on both sides of the PCB, and also a 
number of the resistors and capacitors are soldered on both 
sides. The through links are shown on figure 8, the component 
layout, by an ‘X’. Fit all these links first, because some are 
under IC sockets, followed by the other components, the ic 
sockets, and the crystal. A small blob of glue gives added 
security for the crystal. Check carefully to see which 
components require soldering on both sides of the PCB. 


NOTE: THE ZIP SOCKETS AND HEADER SOCKET ARE 
MOUNTED ON THE OTHER SIDE OF THE BOARD 


The eprom socket should ideally be a zero insertion force 
(ZIF) type, although a normal good quality ic socket can be 
used if you don’t anticipate a lot of use. This socket, and also 
the 24 pin socket for the personality module, are fitted on the 
‘copper’ side of the board. This is so that the sockets protrude 
through matching holes cut in the case when the PCB is 
mounted, allowing you to insert and remove the eprom and 
personality module. Figure 8 shows these mechanical details. 


SOLDER TO PADS ON 


BOTH SIDES OF BOARD WIRE ‘THROUGH’ LINK 


FINE SOLDERING IRON 


"TURNED PIN' DIL SOCKET 


COMPONENT SIDE OF BOARD 
Pad 


a 


es 
COPPER PADS SOLDER SIDE OF BOARD 
~~ — \go.per FILLET 
Ic INSERTED JN HOLE 
DRILLED IN PCB 


Figure 7: Eprom Programmer - soldering the “through” 
connections 
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28 PIN PERSONALITY MODULE SOCKET 


MAIN PCB MOUNTED IN 
UPPER PART OF BOX 


COMPONENT SIDE 
OF PCB 


RESET SWITCH, MODE SWITCH AND LED 
MOUNTED ON FRONT PANEL 


Figure 6: Eprom Programmer - general construction 


Once again, some care is necessary to fit these sockets 
because they require soldering on both sides. 

The PSU presents no special difficulties: it is a single-sided 
board (figure 9), and no through connections are required. 
Observe the polarities of the diodes and electrolytic capacitors 
when fitting them. Check also that no ‘whiskers’ of copper 
remain around the connections to cause short circuits. It is 
wise to check operation of the PSU before connecting to the 
main board. See under ‘Testing’ 

It is difficult to give mechanical design instructions for the 
box, since not everyone can lay hands on the same box, or 
has the same skills. However, Figure 8 shows how the original 
was mounted in its box. Holes were cut in the appropriate 
place in the top of the box, and the PCB mounted with plastic 
spacers so the ZIF socket protruded through the hole, and the 
9 pole D-type RS232 connector protruded through a hole cut 
in the rear panel. If you have problems finding plastic spacers, 
short pieces cut from a plastic ballpoint pen barrel are ideal. 

The Reset Switch, Mode Switch and Mode LED are 
mounted on the front panel, connected to the PCB with short 


V+  Vpp Ap GND VYpc Voc 


Figure 9: the component layout of the power supply board 


28 PIN EPROM ‘ZIF SOCKET 


~ POWER SUPPLY PCB MOUNTED 
IN LOWER PART OF BOX 


lengths of multicore wire. | used a 
piece of flat cable as this keeps 
things tidy. The power switch and 
fuse are mounted on the rear panel, 

- and the power cable is routed 
through a notch cut in the edge of the 
rear panel. 

The PSU was bolted into the base 
of the box, again using short M3 bolts 
and plastic spacers. 


FUSE AND POWER 
SWITCH MOUNTED 
ON REAR PANEL 


Testing 

Connect 230V AC to the PSU, and 
switch on, taking great care not to 
touch the high voltage points - 230V 
AC is lethal! This is a mains 
construction - if you do not have 
mains construction experience, 
seek the assistance of someone 
who does. 


With a voltmeter, check the +5V supply 
is available. If so, connect the voltmeter 
between ground and the output of 
C13 (Vpp). If +5v is applied to the Vpc 
input (R18) using a short piece of wire, 
then Q1 should switch on, and the Vpp output should be +5V. If 
the Vpc input is now taken to ground, Q1 should be off, and Vpp 
should be +25V. This is determined by the values of R17A and B 
in parallel. If it differs by more than 0.2 volt, switch off and 
disconnect the 230V AC and adjust the values of R17A and B. 
When all these voltages appear OK, switch off the power, 
connect the main PCB without inserting the ics, and switch back 
on. Check that +5V is available on the appropriate pin of any IC 
socket. If it is not, switch off and disconnect the power and look 
for the probable short-circuit on the main PCB, 

When all is well, insert the ics. If you have access to an 
oscilloscope, then the oscillator can be checked, as can the 
Baud rate divisor. If the UART is not fitted, then a link between 
pins 24 and 17 of the UART socket connects a clock signal to 
the address counters for checking at the eprom socket. Don’t 
forget A11, A13, A14 and A15 are connected via the personality 
module. 

Operation of the Vcc Switch, Q6/IC11 is checked by 
monitoring the eprom Vcc on pin 28 of the ZIF socket. 
Connecting pin 11 of the Personality Module to +5V (pin 24), 
should switch on Q6, so pin 28 of the eprom should be +5v. 
Remove the connection, and it should rise to +6.2 volts. 


Conclusion 

The Programmer is not restricted to use on an IBM compatible 
PC. There is no reason why it should not be used on any 
machine with a serial port, providing the user can produce the 
appropriate software. | have tested the prototype with an Atari ST 
machine, as well as 386/486/Pentium based PCs running at 


various speeds. 


Software 

Because the Programmer responds to a byte, and returns a 
byte, it is not possible just to use a simple terminal program 
and transmit a data file to the Programmer. The software must 
be able to check that each byte has been received and acted 
on by getting a response. The original software was written in 
QBasic supplied with the later versions of DOS. The problem 
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here is that it is not possible to compile an executable 
program, although it can be done with the stand-alone 
versions of QBasic. The full QBasic listing is too long to 
reproduce here. However, two annotated listings are given: 
these show how to write data to the Programmer, and how to 
Read data. These are very much ‘bare-bones’ listings: you are 
encouraged to expand these and write your own software: it 
really is not difficult. An executable program in Visual Basic 3 
for use with Windows 3.1 or Windows 95 has been developed, 
plus a small application which sends a selected number of 
bytes to check the operation of the Programmer on a ‘one- 
shot’ basis, and to confirm the operation of the address 
counter. 


Programming the Programmer 
The following addresses apply to standard PCs, and can be 
declared as constants. 


Constant Name 


Tx Buffer 
Rx Buffer 


rxport 


intenreg Interrupt 
Enable Reg. 

intident Interrupt 
Identification 

linecont Line Control 


In the following description the actual program instructions are 
shown in bold type. &HFF is the QBasic convention for, 
showing hexadecimal data, in this case hex FF. The following 
variables must be initialised in your program: 


workfile % integer containing the active filenumber. 
Byte % integer containing the databyte. 

workfile$ string variable containing the name of a file. 
counter& long integer used as an index. 
programmersize& size of the eprom in use in bytes 

available = 4 interrupt bit mask for RxData 


Port Setup 

Before using the Programmer, your program should set up the 
PC port to be used to match the UART settings. This requires 
a divisor to be loaded to set the baud rate (in this case, 9600 
baud), and the appropriate stop bits, parity and handshakes 
must be set: 


ie bak ad ail the wh is aie from file and sent to 


our’ linecont, &H80 © set: ‘up baud rate: enable baud rate divisors: 
OUT bgt &HC.. « “baud rate:division S 
08 ear eet ic ate 16 = &HOC) 


x iy, J ‘stop bit,.8-bits/char, 
“> ‘at ndshiakes 
_ enable data svailable interrupt 


‘OUT intern, 1 


wring fat ito ‘the piyitimer from file.(this assumes that a 
fle of data exists tobe wettion’ to the Programmer: 


Bijees Te ‘initialize the Counter 
WEN workties FOR BINARY AS. workfile % 


Ed 


Peay 


"GET watt %o counter, byte % Pde folds 2 bytes 
_ from file 

‘so reduce it to 1 byte 
“‘then:-send it to the 
. Programmer 


‘now. wait Until the Programmer-echoes the data 


~ “byte %e@ byte %, AND &HEF 
5 DUR Up byte% 58 


re « > ‘Wait for ‘data available" 
interrupt 
‘switch timeout watchdog 
on 
. ready = INP(intident) AND. available 
LOOP UNTIL (ready = available) 
TIMER. GFF 


“TIMER ON: 


‘exit when-data received 


‘counter& = counter& + 1 ‘incrément the counter 


loop until counter& > Programmersize& ‘and loop if not 
compieted 

close workfile % ‘close the file when 
‘finished 


Reading data:from Programmer to file: if data is received by 
the PC, it'sets-a bit in the Interrupt identification Register. The 
Read prodess enters‘a’ldop. until this bit is set, then reads the 
waiting byte of: data and writes it to file. - 
counter& = 1 ‘initialize the counter 
OPEN wordile$ FOR RANDOM AS worklle % LEN = 1 
FIELD totites ae 4 AS databyte$ ° 


‘Now foop. until al data read from Programmer and writtén to ile. 


. OUT txportBHFF. . » § ‘prompt programmer to 
: return data 
00 %*) gc e*®* oa 4% * © “op until data available’ 
=» TIMERON: © 56° ‘switch timeout watchdog 
on 


_ready="INPfintident) AND available . 
ae LOOP UNTIL peace eee 
‘ TIMER OFF. ; 


» & 


‘exit loop when data 
received 

: txbyte.% = INP (export) ‘then read returned data 
__ LSET databyte$ = LEFTS(MKISirbyte %), 1) 
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Resistors 
All 0.25 Watt 5% 
Ri, R8, R11, R17A, Rie, R20 Lee 


Miscellaneous 

Ti 

F1 Chassis mount fuse holder 00mA 
Power switch 2 pole on-off (Maplin 
Mode switch 1 pole 2-position (Maptin 
Reset switch Momentary push to make | 


? NE Bchchditn (7 off use tusned ony Yom on ‘ 
1 penne sockets. (2 off) (Maplin FJ65U) 


a De ge ae ‘oorivert number toa 1+ will stay in the loop forever waiting for data. You should include 
; - acheck on the Timer value, and exit after a short period, 


PUT #workfile % 


: noting this is a Timeout Error. The remainder of the program is 
counter& = counterf&a+# 1° Ain left up to you. 
loop until counter&> Programmer 
completed = © “ Software 
A disk containing the Eprommer software is available from 


Sepia % 
HF Forest Electronic Developments, 10 Holmehurst Ave., 

Christchurch, Dorset BH23 5PQ, priced £5 inclusive of post 

Ary data may ‘be sent to,the hrecrariiet as a Soro Read and packing. A kit may be available in the future - please 

modé (used FF).. It may also be worth-noting that ifthe enquire at FED at the address above. 

: ORorbricnac tan to'réturn a byte for any 'teason, this routing: © 
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Poa 
Readin 
VU Meter 


Tony Sercombe’s peak-reading VU 
meter combats momentary overloads 
in your audio system. 


é. 


or volume unit meters, were first used in the 

early days of broadcasting, principally in the 

United States. These early versions suffered 

many drawbacks. They consisted of a basic 

moving coil meter, with a diode, and perhaps 

resistor in series, simply connected across 
the signal path. They thus did little more than indicate the average 
value of the signal. The main problems with such a simple system 
were an inability to follow the signal levels accurately, poor 
frequency response, and a tendency to indicate a different level for 
differing programme contents of the same level. Another point is 
that other than the O dBm or 100 percent scale marking, levels 
could not easily be read. 

At that time these meters were used in the UK also, but in the 
early 1930s attempts were made to improve matters,-and the 
PPM or peak programme meter, was developed. This represented 
a great step forward, These meters had active electronics driving 
them. To begin with, they used variable slope [gain] pentode 
valves, and a right-hand mechanical zero system, so that an 
increase in signal was indicated as the valve gain reduced, being 
pulled up by the hair-spring. Modern PPMs use the conventional 
left-hand zero system, and solid state electronics. 

The PPM has many advantages over the VU meter. Perhaps 
the most significant is that the circuit is logarithmic in nature and 
thus imitates the response of the human ear. This allows the scale 
to be marked in a linear fashion. The scale covers a range of 28 


dB, or 25 times, and can be read over its entire length quite easily. 
The meter itself is specially designed to have a very fast response, 
or attack, an the electronics provide a slow decay or fallback of 
about 1 second. This has been the standard in this country and 
the majority of Europe for many years. Lately the LED column has 
become popular, however, many technicians find they suffer a 
degree of eye strain with this system, and still prefer the PPM. 

A professional PPM attempts to indicate .5 Hz at 20 kHz, and 
to do this they have become very expensive, particularly as a 
stereo pair, and so are probably well beyond the pocket of most 
enthusiasts. 


Between the extremes 

This present circuit is intended to fall somewhere between these 
two extremes. It uses a VU meter movement, but has a fast 
response time and good frequency response beyond the audio 
bandwidth of 20 Hz to 20 kHz. The circuit is linear, in theory 
making the scale accurate. However, the point of real interest is 
the O dBm or 100 percent mark on the scale, which will be the 
reference point adjusted to in use. 

The circuit uses two single ics and one dual ic per channel. The 
first stage is a TLO71 connected as an inverting amplifier with a gain 
of approximately 6 dB, or two times. The 22k preset enables the 
basic sensitivity to be set. If somewhat more gain is required, the 
value of the feedback resistor from pin 6 to pin 2 may be increased. 
The input resistor should not be reduced much in value, otherwise 
the circuit being monitored may be loaded unduly by the meter. The 
resistor from pin 3 to ground goes some way to reducing the offset 
voltage, and should have the same value as the input resistor. The 
output of the amplifier is connected to the input of a full wave rectifier. 
Full wave rectification is needed because the level of the signal in one 
half of the waveform may exceed that in the other, and therefore 
could be missed using a half wave system. With all the resistors of 
equal value , the rectifier operates broadly by inverting a positive 
signal twice, with D1 off and D2 on, and with negative inputs it inverts 
it once, with D1 on and D2 off, to provide a positive output. 

The output of the rectifier is fed, via a further diode, to a buffer 
amplifier. The purpose of this is to provide a very high input 
impedance, and to supply out put current from a very low 
impedance source. Because the input is at high impedance, a 
capacitor may be connected to ground. This has the effect of 
delaying the signal voltage decay after large peaks. Since the 
impedance is very high and the input current tiny, a large value 
resistor is needed to shunt the capacity. By this means, the decay 
time is controlled. The diode is used to prevent the decay voltage 
from dissipating through the previous circuit. The resistor at pin 6 of 
the buffer is simply to give the meter some protection, and should be 
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Figure 1: the circuit of the Peak Reading VU meter with power supply 
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adjusted to suit the movement, as should the values of the decay 
components. !f the meter has a tendency to fall back too quickly, 
the capacitor may be increased to about 1 uF. It is recommended 
that if a stereo pair are to be constructed, that polyester type 
capacitors are used, since the tolerance of the electrolytic variety is 
such that they might have to be selected to give equal decay 
times. If it falls too slowly, the resistor value may be reduced by a 
small amount to adjust for this. No standard reference voltage is 
given, since it is assured that this will differ, depending on the 
equipment to be monitored; however, a reference level of about 
.75 of the maximum to be used should be chosen and set by VR1 
to O dBm or 100 percent on the scale. 


Linearity 

Although the drive circuitry is essentially linear, there exists a degree 
of non-linearity at the diode output. Since VU meters first came into 
being, they have been very simple instruments, simple a diode and 
sometimes a resistor as alreacly mentioned, in serious with the meter. 
The scale calibration has historically taken this into account. Of 
course, this is only a half-wave rectifier, and thus ignores the other 
half of the signal, adding another limitation to the system. The reason 
why it is included in the present circuit is to bring the calibration to 
equality, and isolate the decay components, as already stated. 

The next, and perhaps most practical point to note, is that the 
main importance of the scale is for setting steady tone. The main 
ponit of interest is the 0 dBm or 100 percent marking, and a slight 
overswing of the pointer on peaks here should be what is airned for. 
The calibration cannot be used in the same way as a PPM - the 
diode specified will introduce a non-linear characteristic at the start of 
conduction, but in this case it is only around the -18/20 dB peint on 
the scale, which is 10 times below peak, and of little importance in 
practical terms. Once the reference level of O dBm has been 
established, any signal below that must be within the dynamic range 
of the circuit being monitored anyway. The voltage drop across a 
germanium diode is in the order of 2/300 millivolts, which is 
absorbed by the previous circuitry 

It is perhaps worth mentioning here that many VU meter 
movements are damped in much the same way as the traditional 
moving coil panel meter. This causes a VU meter to rise, or attach, 
a little more slowly, It is better to obtain an undamped movement if 
possible, A simple check for this is to gently rock the meter from 
side to side. The pointer should move by a few mil each time. 
However, an undamped meter will exhibit a degree of overshoot. 
That is to say, if a steady tone is applied, the pointer will rise 
quickly, and then settle back a small amount to a steady value. 
This is probably the best in use, since any overshoot will be taken 
up in controlling the levels anyway. The prototype instrument has 
been built into an audio mixer as an “aux send” level monitor, 
however, as described here it is intended as a stand-alone unit, 
and to this end a suitable power supply circuit is shown. If this is 
constructed, the proper care should be taken with mains supply 
connections, as mains voltages can be very dangerous, and all 
work and any adjustments, apart from the level setting preset, 
must be carried out without the power supply connected. 

The choice of enclosure is left to the constructor; it could, for 
example, be used as a master monitor in a home studio, in which 
case it could be built into a separate free-standing case and so 
be transportable. 

All components, except the meter movements, may be 
obtained either from Maplin Electronics (01702 554000) or 
Cirkit Distribution (01992 448899). Suitable analogue 
movements may be obtained from Henry’s Electronic _ 
Components (formerly Henry’s Radio) at 404 Edgware Road 
London W2 1ED Tel. 0171 723 1008. 


Capacitors 
ci 470n* 


Semiconductors 
Di to D3 0A90/91 
IC1, IC3 TLO71 
1c2 TLO72 


‘Miscellaneous 


VU meter movement/s as required 


-*Adjust on test 


supply section 
_, . to suit LED and supply 
470 uF 
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Circuit simulation with software, by Owen Bishop. 
This month, part 3 - More about frequency. 


e begin by analysing the circuit in part 2 
(ETt Issue 5,.1997), which some readers 
may Nave recognised as a band-pass filter 
of the multiple feedback type {figure 1). The 
netlist is entered. either by typing it in, or by 
using Geseca, as described in part 2: When specifying the 
voltage generator,.set.its amplitude to 100mvV {a greater 
amplitude might’ saturate the-op amp) and its frequency to » 
1ikHz(see: later). The problem was to investigate the 
frequency-dependent.behaviour of the circuit. - 

Using a signal generator and an. oscilloscope with a 
breadboarded version of the circuit, you-can. sweep. the 
generator frequency over.a given range, using: a sine-wave 
signal, arid watch the changing signal amplitude on the 
oscilloscope..A simulator programn’such»as SpiceAge plots 
output amplitude against frequency to obtain the 
frequency response? To make interpretation easier, we can 
elect to have the resuits plotted on logarithmic. scales. For 
the. first run ofthis analysis, where we have no idea ofthe 
possible result, we select a wide range, say from 1Hz to 
iMHz (figure 2). The plot has a sharply peaked pass-band; 
centre frequency 531Hz, rolling off symmetrically on either 
side: Note that it does not,matter to what value we: — 
originally set the frequency:of the generator, asthe 
frequency response test sweeps‘itrover the specified — 
range; irrespective of its. nominal value. : 

The operation of the circuit is:-based on ‘feedback. We 
have two feedback loops, each containing a filter. The . 
C1/R1 combinatien.is:a; high-pass filter and the C2/R2 
combination is a low-pass filter. High-frequency and low- 
frequency signals. passing through the opamp are fed 
back to thé inverting ¢)input.where they act to cancel out 
the signal coming frorn the generator. Only signals of a al irs Gases 
intermediate frequency can*pass? Taken:as -a:simple high- 
pass filter; the ©1/G2.combination has 4 Cut-off frequency 
of O.5piIRC = 4813Hz: Thisis*the:frequency.at which the 
power of the output signal has been réducedta half the 
.. input power. This. happens when. the output voltage 

amplitude is 3dB below the’ input amplitude,. so. this. is 
sometimes known.as the -8dB point: For the low-pass 
filter C2/C3, the’-3dB pointis 0.5piIRC. = 60Hz.’ The 
responses, of the two filters overlap, as in figure.3. and we 
can see why the.pass-band is So narrow, for the frequency 
at the -3dB paint ef the high-pass filter is higher than that 
of the low-pass filter: The location.of the 2 BPR wouid be 
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Figure 3: overlapping responses of the low-pass and high-pass 
sections of figure 1 produce a sharply peaked band-pass 
response 
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expected to come half-way between the two -3dB points, 
but this is a mean on a logarithmic scale, the geometric 
mean. Instead of adding them and dividing by 2, we multiply 
them and take the square root: 


Centre frequency = Square root of (4823 x 60) = 538Hz 


This agrees well with the curve plotted in figure 2. We can 
use the cross-hairs to measure roll-off. For example, place 
the cross-hairs on the curve with the vertical cross-hair 
exactly on 10Hz. Read the corresponding decibel figure, 
which is -47.3. Now move the cross-hairs further up the 
curve to 8OHZz. This is 10Hz doubled three times, a span of 
3 octaves, The dB value at this point on the curve is -29.57. 
So the amplitude has increased by 17.73dB per 3 octaves, 
or about 6dB per octave. This is a typical figure for the roll- 
off of a single stage RC filter. 

Similarly, the portion of the curve above the pass-band 
shows a roll off of -6dB/octave. There is a slight increase of 
response above about 1MHz. This is due to the frequency 
response of the op amp itself; amplification falls off above 
about 1MHz, the exact point depending on the type of op 
amp. The effect is that feedback is reduced, the high 
frequencies are not cancelled out as strongly as before, so 
there is an upturn in response. 


Phase 

Another piece of information provided by a frequency 
analysis is the phase of any given signal with respect to the 
input signal. We obtained this by checking ‘Phase’ in the 
Frequency Selector box when we plotted figure 2, which 
shows the phase response at node 4 (filter output). In 
general, it is -90 degrees for frequencies below the centre 
frequency, and +90 degrees for frequencies above it. There 
is a sharp 180 degree change in frequency at centre 
frequency. Sudden changes in frequency are bound to 
mean abrupt changes in the timing of signals. Signals 
around 531Hz that are close together in frequency may 
show big difference of phase. Since most signals we 
produce in everyday life are not pure sine waves, but 
consist of a mixture of sine waves of a wide range of 
frequencies, we might expect that this leads to distortion. 
Signals below and above 531Hz will be retarded or 
advanced in phase. One way of quantifying this is known as 
Group Delay, and we can obtain a group delay analysis by 
checking Group Delay in the Frequency Selector box. The 
curve (figure 4) shows both positive and negative delay. 


Figure 4: group delay peaks at the centre frequency of the filter 
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While delay may have its uses in other circuits, it plays 
havoc with a signal of mixed frequencies, and is a 
disadvantage of this kind of filter. But perhaps this is being 
unfair to the filter. Usually we set the cut-off point of the 
low-pass section to be higher than that of the high-pass 
section. This results in a wider pass-band (figure 5). Phase 
lag decreases gradually and fairly evenly from -90 degrees 
to about -180 degrees. The phase curve falls below the 
scale at the centre frequency, but is plotted 180 degrees 
higher up the scale above the cut-off point. This is a 
continuous fall, not an abrupt reversal, and a plot of group 
delay shows only a gradual variation in delay throughout 
the frequency range. 


Figure 5: exchanging R1 and R2 makes the pass-band much wider 


Fourier 

We continue by using last month’s problem circuit to 
illustrate another important aspect of frequency response, 
The basis of the Fourier analysis is the fact that any 
periodic signal, or whatever shape, can be analysed into a 
number of sine waves of different frequencies and 
amplitudes, If f is the frequency of the original signal, the 
fundamental, the frequencies of its other constituent sine 
waves, the harmonics, are f, 2f, 3f, 4f, and so on. 
Sometimes one or more of the harmonics may have zero 
amplitude. We may, for example, find that only the odd- 
numbered harmonics are present. After you have 
processed a signal in SpiceAge, you may carry out a 
Fourier analysis to find out what sine-wave components it 
has and what are their amplitudes. 

To obtain the signal, we use another major kind of Spice 
analysis, the Transient Analysis. In this analysis the voltage 
generator {one or more), and current generators (if any) are 
put to work feeding their outputs into the circuit and the 
resultant voltage at all the nodes and currents through all 
the branches are calculated at specified time-intervals. For 
example, since our generator has a frequency of 1kHz, and 
we would like to follow the action of the circuit for 10 
cycles of the generator, we click on Time, then on Sweep 
Times and set the Start time to 0, Stop time to 10m 
(milliseconds) and the Step time to 10u (microseconds). 
This gives us 1000 sampling times during the run. We can 
then plot the voltage at one or more nodes. Figure 6 shows 
output voltage from time 0. The 1kHz signal has an initial 
bias superimposed on it as the capacitors gradually acquire 
their charges. To eliminate this stage, return to Sweep 
Times and amend Start and Stop times to 10ms and 20ms 
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Figure 6: a Transient analysis shows how filter output varies in time 


respectively. Re-run the Transient Analysis to obtain 10 
reasonably stable oscillations. Having done this, clicking on 
Fourier produces a plot of the spectral composition of the 
signal. It is similar to what we could produce by using a 
Spectrum Analyser. 

The analysis (figure 7) shows its strongest component at 
1kHz, as expected. But distortion has introduced signals at 
other frequencies. The next strongest signal is at 500Hz, 
but this is -45dB down on the 1kHz signal. This means that 
its amplitude is only about 0.000032 of the main output 
signal, so we can ignore it. This particular component is 
probably due to the initial oscillations that have not 
completely died away. The other signals shown by a 
multitude of vertical lines really represent a continuous 
spectrum of ‘signals’ and probably all of them are due to 
approximations in the calculations. In short, they are 
mathematical noise. Usually we put a -60dB Hold on the 
minimum of the decibel scale to eliminate this noise from 
the display, 


Figure 7: a Fourier analysis of the signal of figure 6 shows a peak 
at 531Hz, a hint of early oscillation, and mathematical noise 


The Fourier analysis also displays the phase of the 
signals, using small square symbols. In figure 7 the phase 
of the 1kHz output signal is +9.81 degrees. Owing to the 
way the analysis is calculated, this is with respect to the 
input plus 90 degrees, so at 1kKHz the output is 99.81 
degrees ahead of the input, as already shown in figure 2. 


Square waves 
Pure sine waves are instructive but now for something 
more exciting! Amend the netlist to Ex=square on the 


generator line, and re-run the Transient analysis (figure 8) to 
plot both input and output signals. The square wave input 
is clearly seen and we can see an output signal of larger 
amplitude, but what has become of the ‘squareness’? The 
Fourier analysis of the input (figure 9) demonstrates what: 
we mean when we say that a square wave is rich in 
harmonics. We have cut out the noise by holding the 
minimum dB level to -50dB and are not plotting phase. The 
1kHz signal dominates and the next strongest signals are 
the odd harmonics at 3f, 5f, 7f, 9f and so on. There are 
also even harmonics, but at considerably lower amplitudes. 


Figure 8: transient analyses of input and output demonstrate 
what the filter does to a square-wave signal 


The Fourier analysis of the output signal (figure 10) shows 
what the filter does to each component of the signal. The 
1kHz signal is still the strongest. The next in decreasing 
order of amplitude are 3f, 5f, 7f, and Of. 

It can be seen that the filter attenuates the higher 
frequencies more strongly. For example the 1kHz signal is 
amplified from 127mV to 850m, a gain of over 6 times. By 
contrast the higher harmonics are reduced more and more as 
frequency increases. The 5kHz signal, originally at -14.2dB 
has been reduced to 31.0dB, an attenuation of -16.8dB. 


Figure 9: Fourier analysis of the square-wave input 


Further along, the 9kHz signal shows attenuation of -22dB. 
There are also signals at 2f, 4f, 6f etc. in the square wave, 
but of these only the 2f signal is above the -50cB level in 
the filtered signal. The output spectrum is dominated by 
the odd harmonics, which is typical of a triangular wave. 


Exploding netlists 
if you re-load the netlist used in Part 1 (ETI issue 3 1997), 
which included a BC548BP transistor, you can explode it 
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; Figure 10: Fourier analysis of the output, for comparison with 
figure 9. The constituent signals have a complicated phase 
relationship 
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EPROMMER: THE POWER SUPPLY BOARD 


ELECTRONICS! S@rVICe 


ETi can supply printed circuit boards for most of our current projects - 
see the list below for boards available. For recent boards not listed, check 
the constructional article for an alternative supplier. 

Please use this order form or a copy of it. Check that all relevant 
information is filled in, including the Unit Order Code, and that you have 
signed the form if sending a credit card number, Overseas custorners 
please add postage appropriate to the number of units you are ordering. 
Make cheques/POs/money orders, in £ sterling only, payable to Nexus 
Special Interest Limited. Please allow 28 days for delivery. Access/Visa 
orders may be made on 01442 66551 (ask for Readers Services). 

Only boards listed here are available from our PCB Service. For past 
issues of magazines, copy articles or binders, please see the admin panel 
(page 75) or contact Readers Services (see below) for information. 


Terms of trade 

Tarms. strictly payment with order, We cannot supply credit orders, but will supply a proforna 
invoice if requested. Proforma orders will not be processed until payment is received. All boards are 
manufactured from the folls that appear in the ETI Foits Pages for the appropriate issue. Please 
check that our foils are suitable for the component packages you intend to use before ardering as 
we cannot supply modified boards or replace boards that have been modified or soldened. Boards 
are only supplied in the listed units. Sorry, we cannot break units. Prices anc stock may be altered 
without prior notice. Prices and stock listed in this issue supersede prices and stock appearing in 
any previous issue, ETI, Nexus Special Interests and their representatives shall not be table for ary 
loss or damage suffered howsoever arising out of or in connection with the supply of printed circuit 
boards or other goods or services by ET, Nexus Special Interests or their representatives other 
than to supply goods or services offered or refund the purchaser any money paid in respect of 
geods not supplied. 


Name and issue of project Unit code Price 
ET| Issue 7 1997 

Eprommer - main board (double sided) Eror/1 £13.32 
Eprommer - PSU board E797/2 05.64 
Eprommer - personality modules (double sided);  E797/3 

Any ONE module board £5.09 
Any two modules £7.90 
Any three modules £11.85 
Any four modules £15.80 
Any five modules £19.75 
All six modules £23.70 


Please specify which Eprom modules you require, Modules are for 2716, 2732. 
2764, 27128, 27256 of 27512. One order code/overseas postal charge applies 
whether a selection or all six personality module boards are orderact. 


Are Your Lights On? E/7ari4 5.09 
Peak Reading VU Meter E/797/5 £5,09 
Please supply 
Quantity Project Unit Order Code —- Price Total price } 


Prices are inclusive of post and packing in the UK 
Overseas Post and Packing (if applicable}; Add £1 per unit 
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lenclose payment of ©... (cheque/PO/money order in £ 
Sterling only) to: 


PCB Service, READERS SERVICES DEPARTMENT, Nexus Special 
Interests Ltd., Nexus House, Boundary Way, Hemel Hempstead, Herts 
HP2 7ST UK. 
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Practically Speaking 


BY TERRY BALBIRNIE 


Over the next few months we shall be looking at some calculations used in electronics. 
Don't be put off - the maths is quite easy! We shall start by looking at units. 


eginners - and not only beginners - in electronics 

are often confused by the number of 

abbreviations - usually standard scientific symbols 

- in use, For instacne, on any multi-tester there 

are milliamp and microamp scales, and there may 
be a millivolt scale as well as volt scales, and so on. 

The reason for this complication is that the 
measurements need to span a very wide range of values, 
and the use of prefixes like milli (one thousandth) and micro 
(one millionth) makes life much easier and avoids a lot of 
zeros. Some examples will make this clear. Suppose, in 
making a check on a circuit, we measure a current of four 
amps (written 4A). This would be measured on the 0-10A 
scale (many amateur muti-testers do not have one of these, 
but many professional models do). Suppose, at some other 
time we measured a current of five thousandths of an amp. 
This would be measured on a milliamp scale - 1 milliamp 
being one-thousandth of an amp. This is written “SmA" 
because it is much quicker and more straightforward than 
writing 0.005A - and there is not the risk of “losing” zeros in 
reading or writing it. And please note! These “value signs" 
are case-sensitive - “m” is not the same thing as “M” - but 
we will come to that below. 


Ohm, amp and volt scales on a popular type of multi-meter 


In a similar way, one millivolt (mV) is one-thousandth of a 
volt and one milliwatt (mW) one thousandth of a watt. 

Suppose we then need to measure six millionths of a an 
amp. This would be measured on a microamp scale - 1 
microamp being one millionth of an amp. Six microamps 
would be written 6(wWA. The prefix micro p is the Greek 
letter called “mu” and is used - like many, many Greek 
letters in scientific notation - because otherwise we simply 
run out of letters to designate the different values. The letter 
“m” could not be used for both thousandths and millionths. 
The “longhand” way of writing 6uA is O.000006A. Again, 
the micro prefix may be used in other situations such as 
microvolt (uV) and microwatt (uW). 

But, as you will have noticed, there is a catch here - 
modern typesetting is faster and more reliable than the old 
“retyping” process - but still shares some limitations with old- 
fashioned typewriters!. “Copy” (the publishers’ name for what 
you are reading here) may “hop” several different computers 
before it reaches the printer - and Greek notation is not part of 
the basic ascii character set, just as it was not featured on a 
normal typewriter keyboard, Ascii is still the most reliable way 
of “moving” copy without inviting unwanted transformations - 
so authors and publishers still use substitute letters for Greek 
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notation. The most well-known ones are “u” for “ww” and “R” for 
“Q” (ohms). 

We sometimes use prefixes to divide a unit into even smaller 
parts. This is best illustrated by capacitor values. The standard 
unit of capacitance, the farad, is generally too large for everyday 
use, A 1F capacitor is not needed very often. It is much more 
usual to use millionths, thousand-millionths and millionth- 
millionths of a farad. The prefix for a thousand-millionth is nano 
(n) and for a millionth-millionth, pico (p). Thus, a capacitor having 
a value of 100 millionths of a farad would be written 100(u)F or 
100uF (or simply 100u). One having a value of 100 thousand- 
millionths of a farad would be written 100nF (or 100n) and one 
of 100 millionths of a millionth of a farad, 100pF, or 100p. 


Bigger and bigger 

Other prefixes are used to scale units up. In electronics, this 
is usually by factors of one thousand and one million. One 
thousand is given the prefix "kilo-” and one million the prefix 
“mega-". This is familiar in everyday life as the kilogram (1000 
grams), the kilometre (1000 metres) and even someone 
earning megabucks! It is particularly convenient when talking 
about resistance values. Remembering that the symbol for 
the ohm is “Q” or (informally) “R”, a 10-ohm resistor would 
be written 10R. However, it is common to use resistor values 
of thousands or millions of ohms. Ten thousand ohms ( “ten 
kilohms” - not “ten kilo-ohms”) is written 10kR or just 10k, 
and ten million ohms, 1OMR or just 10M (“ten megohms”, not 
“ten mega-ohms”). To carry this further, a resistor having a 
value of four thousand and seven hundred (4,700) ohms 
would be written 4.7k, and one of six million eight hundred 
thousand (6,800,00) ohms would be written 6.8M. 

There is a clever way of avoiding the decimal point and 
that is to use the prefix in place of it. For example, ina 
parts list you may find 4k7 or 6M8 specified for the values 
of the resistors above. A resistor of value 4.7 ohms may be 
written 4R7 or 407, and so on. 


No mixing! 
There are hundreds of alphabetic, Greek and other letters in 
use as abbreviations and symbols, although you may meet 
only a few of them, and you can see that there is room for 
confusion. For instance, if you write “Ma”, instead of “mA”, it 
could be read by the unwary as “mega-metres-per-second"” 
(a unit of acceleration), instead of “milliamps” as required. 
Whereas “S” means “siemens” (a unit of conductance), “s” 
means “seconds” (the most commonly used unit of time in 
electronics) - an “ms” is a “millisecond”, but an “mS" is a 
“milliseimens”. “k” means “kilo” (one-thousandth) but to 
confuse matters further, a computing “digital thousandth” is 
1024 , written “K” and is still called a “kilo-” (as in a 
“kilobyte”, 1024 bytes). The whole field of computing is still 
ambiguous as to abbreviations, but “B" is most consistent 
for “bytes”, and “bit” for “bits”. But in a different field “K” 
also stands for “Kelvin", a specialised measure of 
temperature. And “m”, as everyone knows, also means 
“metre”, as in “mm” for “millimetre”. So it is wise to be wary. 
Fortunately, not many of these notations clash in meaning 
in a disasterous way, but there is one where wariness is really 
important. The high voltage needed for a TV picture tube is 
several thousand volts (kV) and in scientific research voltages 
of several million may be used (MV). An LED may consume 20 
milliwatts (20mW) but a power station may generate 2000 
megawatts (2O00MVW}. So you will see that it is vital not to mix 
up your “m” with your “M”! 
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This Gi 
because, during tretmd@e Bw years 
known by everyone in the UK as “the 
Recession” - which our governers, past 
and present, tell us is behind us now - 
there were many kinds of shake-out in 
businesses, including the entire 
electronics industry, and one of them 
was the need for suppliers to hold less 
stock. This affected the ability of our 
suppliers to make large batches of 
board at an economic price, and our 
ability to keep stock, 

Now we have a new arrangement and 
a new supplier and we hope that our 
service will be helpful to many readers. 
Of course, as these things happen, we 
start with one rather unusual package 
this month - including the Eprommer 
personality modules, tiny double-sided 
optional PCBS - which we decided in 
the end to offer on a pick-and-mix 
basis. But no, we won't be doing 
liquorice allsorts next month. 

| would like to thank our new 
suppliers, and | would also like to thank 
our old suppliers, who provided us with 
a fine service and still make boards for 


Around the 


g runs. The 
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Is 
-time adventurer 
d Hempleman-Adams 
turer Rune Gjeldnes 
ere presented with two 
ammed “Minder” pagers 
efusion Communications 


Swindon to accompany them on 


nsupported walk to the North 

‘ole. 

The four preprogrammed pager 
messages were: “Stop”, “Lunch”, 
“Emergency” and “Bear”. 

The two travellers are travelling some 
distance apart for safety reasons. The 
pagers pass essential information 
between them. On the face of it, these 
messages contain 75 percent of all the 
information needed for survival in the 
modern world - never mind the Arctic. 
But what is the fourth essential? Our 
consultant says that the answer is 
obvious - but is he right? The Editor 
welcomes suggestions, of course. 


Last Month’s Competition 
Winners 

The lucky winners of last month's Swift 
Designs competition (skilful as well as 
lucky, of course) are Mr. K Mitchell of 
Loughton and Mr. L Hadden of 


Ballygawley. Mr. Mitchell wins a copy of 
EDWin NC Deluxe 3 along with Thermal 


Analysis and EDSpice simulation. Mr. 
Hadden wins our runner-up prize of 
EDWin NC Basic. Congratulations and 
we hope that both readers enjoy many 
happy hours in CAD country. 
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